Background/Aims: Bortezomib plus melphalan-prednisone (VMP) is a standard treatment for multiple myeloma, particularly for patients who are ineligible for high-dose therapy. However, early discontinuation or treatment modification is often needed owing to adverse events. The aim of this study was to investigate the clinical outcomes of modifying the dose of melphalan-prednisone (MP) in pa-tients receiving VMP.
INTRODUCTION
Multiple myeloma (MM) is a malignant neoplasm of plasma cells derived from a single clonal expansion in the bone marrow (BM) and is characterized by bone de-struction, renal failure, anemia, and hypercalcemia [1] . The Korean Journal of Internal Medicine Vol. 34, No. 6, November 2019 eligible for high-dose therapy. The proteasome inhibitor bortezomib is reported to be an active agent against relapsed or refractory MM [2, 3] . An international phase III Velcade as Initial Standard Therapy in Multiple Myeloma (VISTA) trial demonstrated that bortezomib plus melphalan-prednisone (VMP) was superior to melphalan-prednisone (MP) in all efficacy measurements, including time to disease progression, response rates, and overall survival (OS), in previously untreated patients with newly diagnosed MM in the USA [4, 5] . On the basis of the results of the VISTA study, VMP is now recognized as a standard treatment for MM in patients ≥ 65 years of age. In Korea, VMP is the most commonly used regimen for treating MM patients who are ineligible for high-dose therapy. However, it is difficult to adhere rigidly to VMP therapy with elderly MM patients because they often have impaired BM function, altered drug metabolism, and the presence of comorbid diseases, all of which could lead to adverse events during treatment. Currently there are no appropriate guidelines regarding whether or how doses of MP or bortezomib should be reduced when adverse events occur during VMP treatment. Recently, some studies have indicated that a higher cumulative dose of bortezomib can lead to improved OS [6, 7] ; however, there are no comparable data regarding the dose intensity of MP. The aim of this study was therefore to investigate the clinical outcomes of modifying the MP dose in MM patients compared with the regularly planned MP dose from the beginning of VMP treatment.
METHODS
Patients who were newly diagnosed with symptomatic MM between January 2011 and January 2018 at three tertiary hospitals (Korea University Anam Hospital, Korea University Guro Hospital, and Korea University Ansan Hospital) of the Korea University Medical Center were analyzed retrospectively. The study was approved by the Institutional Review Board of Korea University Hospital (2018AS0111). All patients provided written informed consent. At the time of diagnosis, none of the patients were candidates for high-dose therapy plus stem cell transplantation because of their age (≥ 65 years old) or coexisting conditions. These patients were treated with VMP following the approved regimen, which comprised nine 6-week cycles of treatment with melphalan (at a dose of 9 mg/m 2 ) and prednisone (at a dose of 60 mg/m 2 ) on days 1 to 4, in combination with bortezomib (at a dose of 1.3 mg/m 2 ) on days 1, 4, 8, 11, 22, 25, 29 , and 32 during cycles 1 to 4, and on days 1, 8, 22 , and 29 during cycles 5 to 9. Among the 105 patients examined, 67 (63.8%) received a modified dose of MP from the first treatment cycle onward (i.e., the reduced-dose group), whereas the remaining 38 patients (36.2%) received the regularly planned dose of MP (i.e., the planned-dose group). In the reduced-dose group, MP dose was modified from the planned dose (100%) to 75% or 50% of the planned dose based on the investigator's discretion. This was mainly determined by poor general condition, low body weight, poor nutritional status, and impaired renal function. The modified doses of melphalan administered were 75% of the planned dose in 46 patients (68.7%) and 50% of the planned dose in 19 patients (28.4%). Two patients (3.0%) did not receive melphalan due to impaired renal function. The modified doses of prednisone administered were 75% of the planned dose in 38 patients (56.7%) and 50% of the planned dose in eight patients (11.9%). Twenty-one patients (31.3%) received the planned dose of prednisone. All patients in this study were treated with the planned dose of bortezomib (at 1.3 mg/m 2 ) from the first cycle onward, whereas only one patient with heart failure in the reduced-dose group was started with a reduced dose of bortezomib (at a dose of 1.0 mg/m 2 ). All patients received oral acyclovir for prophylaxis of herpes zoster. Since 2012, the typical method used to administer bortezomib has been switched from IV to subcutaneous injection. The dose, administration interval, and total number of cycles of VMP treatment were also modified based on the investigator's discretion during the treatment. Bortezomib-associated neuropathic pain and peripheral sensory neuropathy were managed by following the established dose-modification guidelines [8] . Patients with myeloma-associated bone disease received bisphosphonates, unless such therapy was contraindicated.
Prior [9, 10] . Response and progression were assessed by investigators according to the international uniform response criteria for MM [11] . Efficacy and safety were evaluated for all patients who had received at least one dose of bortezomib. The severity of adverse events was evaluated according to version 4.0 of the National Cancer Institute's (NCI) Common Terminology Criteria for Adverse Events.
Statistical analyses
Patient characteristics and baseline data, as well as effectiveness data, were summarized using descriptive statistics. We also analyzed whether there were differences in efficacy, safety, and survival outcomes due to MP dose reduction in VMP treatment. Both the chi-square test and Fisher's exact test were used to test for significant differences among categorical indices of clinical characteristics, and the Mann-Whitney U test was used to test differences in continuous parameters. Progression-free survival (PFS) was defined as the time interval from the date of diagnosis to the date of observed disease progression. OS was defined as the time interval from first administration of bortezomib to the date of death. Duration of response (DOR) was defined as the time interval from the date of achievement of a partial response to treatment until the date of observed disease progression, relapse, or death from any cause. PFS, OS, and DOR were calculated using the Kaplan-Meier method. Univariate and multivariate analyses of prognostic factors for PFS and OS were performed using the logrank test and Cox proportional hazard method. Analyses were performed using IBM SPSS statistical software version 20.0 (IBM Co., Armonk, NY, USA). Statistical significance was defined as a p value of < 0.05.
RESULTS

Patient characteristics
A total of 105 patients newly diagnosed with symptomatic MM, who were not candidates for high-dose therapy plus stem cell transplantation, were evaluated for this study. Table 1 shows the patients' baseline characteristics. The median age of all patients at the time of diagnosis was 70 years old (range, 60 to 85), and 27 (25.7%) were ≥ 75 years of age. Among the patients, 54 (54.0%) had International Staging System (ISS) stage III myeloma and 89 (84.8%) had comorbidities, including hypertension (53.3%), diabetes mellitus (20.0%), renal disease (16.2%), cardiac disease (12.4%), and others (47.6%). In total, 48 patients (45.7%) had a serum β 2 -microglobulin level of ≥ 5.5 mg/L, and 75 (71.4%) had a glomerular filtration rate < 60 mL/min. Initially, seven patients (6.7%) received a weekly schedule of bortezomib treatment from the first cycle onwards, whereas 46 patients (43.8%) were changed from a twice-weekly to a weekly administration schedule of bortezomib after the first cycle. In addition, doses of the bortezomib and MP were changed, depending on the patient's condition during the treatment period. Bortezomib dose was reduced to 1.0 mg/m 2 and the MP dose was further reduced by 25% from the initial dose. The manner of reducing the doses of bortezomib and MP was the same for both dose groups. Of the 105 patients, 32 (30.5%) completed nine cycles of VMP therapy, and nine (8.6%) have been receiving the VMP therapy until the present day. Among the 64 patients (60.9%) for whom the therapy was terminated before the end of nine cycles, the most common reason for termination was adverse events in 26 patients, which included five deaths (unrelated to MM in two patients), disease progression in 18 patients, caregiver's choice in 13 patients, and other reasons for the remaining five patients. The median number of cycles delivered was four (range, 1 to 9), and the median cumulative dose of bortezomib was 41.6 mg/m 2 (range, 2.6 to 67.6). The median cumulative doses of melphalan and prednisone were 108 mg/m 2 (range, 18 to 324) and 900 mg/m 2 (range, 120 to 2,160), respectively. Differences in baseline characteristics between the reduced-and planned-dose groups are shown in Table  1 . There was no significant difference in the cumulative dose of bortezomib between the two groups (41.6 mg/m 2 vs. 40.4 mg/m 2 in the reduced-and planned-dose The Korean Journal of Internal Medicine Vol. 34, No. 6, November 2019 groups, respectively; p = 0.925). In contrast, the median cumulative dose of melphalan in the reduced-dose group was significantly lower than that in the planneddose group (99 mg/m 2 vs. 144 mg/m 2 , respectively; p = 0.020). Slightly higher cumulative doses of prednisone were administrated in the planned-dose group (960 mg/m 2 vs. 720 mg/m 2 , respectively; p = 0.060). According to the median dose intensity by the number of cycle, the median dose intensity for bortezomib was 8.1 mg/ m 2 /cycle (range, 2.6 to 10.4) and did not differ between the reduced-and the planned-dose groups (8.2 mg/m 2 / cycle vs. 7.7 mg/m 2 /cycle, respectively; p = 0.373). Unlike bortezomib, the median dose intensities for melphalan and prednisone were lower in the reduced-dose group than those in the planned-dose group (melphalan: 24.5 mg/m 2 /cycle vs. 35.4 mg/m 2 /cycle, respectively, p < 0.001; prednisone: 191.0 mg/m 2 /cycle vs. 236.7 mg/m 2 /cycle, respectively, p < 0.001). In this study, approximately 50% of patients were treated on a weekly schedule. In this regard, the median dose intensity of bortezomib was similar to that of the planned dose intensity of the VIS-TA trial (1.23 mg/m 2 /week vs. 1.25 mg/m 2 /week, respectively) and there was no difference between the two dose groups (p = 0.853). In contrast, the median dose intensi-ties of melphalan and prednisone were lower than those of the VISTA trial (melphalan: 4.1 mg/m 2 /week vs. 6.0 mg/m 2 /week, respectively; prednisone: 30.7 mg/m 2 /week vs. 40.0 mg/m 2 /week, respectively). The median dose intensity of MP in the reduced-dose group was lower than that in the planned-dose group (melphalan: 3.6 mg/m 2 / week vs. 5.5 mg/m 2 /week, respectively, p < 0.001; prednisone: 29.0 mg/m 2 /week vs. 37.2 mg/m 2 /week, respectively, p = 0.001). With the exception of the difference in administered MP dose, there was no significant difference in baseline characteristics between the dose groups.
Treatment response
The overall response rate (ORR) and complete response rate (CRR) (i.e., stringent complete response [CR] and CR) were observed to be 81.0% and 30.4%, respectively. Details regarding the responses to treatments are shown in Table 2 . Patients receiving less than 50% of the planned MP dose showed a lower incidence of CR compared with patients receiving ≥ 50% of the planned MP dose (melphalan: 31.2% vs. 68.8%, respectively, p < 0.001; prednisone: 25.0% vs. 75.0%, respectively, p < 0.001). Although more patients in the reduced-dose group received less than 50% of the planned MP dose, the ORR and CRR were not significantly different between the reducedand planned-dose groups (p = 0.711). This could be explained by the fact that the median cumulative dose and dose intensity of bortezomib did not differ between the two groups. The median DOR after a partial response had been achieved was 17.8 months for the overall pop-ulation. There was no statistically significant difference in DOR between the two dose groups (p = 0.712). However, the median DOR of patients who achieved CR was longer than that of patients who did not show CR (42.2 months vs. 12.2 months, respectively; p < 0.001). A total of 25 patients (37.3%) in the reduced-dose group and 16 The Korean Journal of Internal Medicine Vol. 34, No. 6, November 2019 patients (42.1%) in the planned-dose group received subsequent therapy following VMP (p = 0.549). The time to next treatment was not significantly different between the reduced-and planned-dose groups (10.2 months vs. 12.8 months, respectively; p = 0.935). Lenalidomide was the most common agent used in subsequent therapy in both reduced-and planned-dose group patients (22.4% vs. 26.3% of patients, respectively), followed by thalidomide (9.0% vs. 10.5%, respectively), bortezomib (4.5% vs. 5.3%, respectively), and others including carfilzomib (3.0% vs. 0%, respectively).
Adverse events
The overall incidence of grade 3 to 4 or greater adverse events among our 105 patients was 71.4%. The proportion of hematologic toxicities of grade 3 to 4 or greater was higher than that of non-hematologic toxicities (64.8% vs. 25.7%, respectively). However, changes in VMP dose due to non-hematologic toxicity were more common (18.1% vs. 9.5%, respectively). The treatment-emergent adverse events reported for patients in the reduced-and planned-dose groups are summarized in Table 3 . The overall incidence of adverse events, time to occurrence, and the proportions of dose change and discontinuation of VMP due to adverse events were similar in both dose groups. The main reason for a further reduction in VMP doses in this study was occurrence of adverse events. In the reduced-dose group, 14 patients (20.9%) had additional reduction of the VMP dose. The 1.3 mg/m 2 dose of bortezomib was reduced to a dose of 1.0 mg/m 2 in six patients and the MP dose was further reduced by 25% from the initial dose in six patients. The remaining two patients had both modified doses of bortezomib and MP. Furthermore, 13 patients (34.2%) in the planneddose group received an additional dose reduction. Five of the 13 patients were treated with bortezomib (at a dose of 1.0 mg/m 2 ) and six received a modified dose of MP in accordance with the above reduction method. The remaining two patients in this dosing group received modified doses of both bortezomib and MP. The main reasons for changes in bortezomib dose were adverse events in 18 patients, which included five general weakness, four thrombocytopenia, two neutropenia, two peripheral neuropathy, two herpes zoster, and three oth-ers. The dose of MP was further reduced in 16 patients, which included three with general weakness, three with neutropenia, two with thrombocytopenia, two with decreased renal function, two with pneumonia, and four others. During the treatment, 53 patients (50.5%), including those receiving initial weekly bortezomib had maintained the weekly schedule of bortezomib. The main reasons for these changes to weekly schedules were also adverse events, which included general weakness in 16 patients (34.8%), peripheral neuropathy in 13 patients (28.3%), diarrhea in six patients (13.0%), thrombocytopenia and neutropenia in four patients (8.7%), patient's choice in two patients (4.3%), and other reasons for the remaining nine patients (17.3%).
Due to adverse events, 26 patients (27.1%) discontinued treatment. Among these, the proportion who discontinued treatment due to non-hematologic toxicities was higher than that due to hematologic toxicities (26.0% vs. 1.0%, respectively). These findings suggest that the hematologic toxicities were clinically manageable in most patients. Although there was no difference between dose groups in terms of the percentage of patients who discontinued treatment due to adverse events (p = 0.452), patients in the planned-dose group experienced more discontinuation due to adverse events within two cycles than in the reduced-dose group (80% vs. 38.5%, p = 0.016).
Survival data
The median duration of follow-up for the 105 patients was 15.7 months. The median PFS of all patients was 25.0 months (95% confidence interval [CI], 7.3 to 42.7) (Fig.  1A) . The median PFS of the reduced-dose group was 36.0 months, which was longer than that of the planned-dose group (20.2 months), although the difference was not statistically significant (p = 0.335) (Fig. 1B) . The median OS of all patients was 47.8 months (95% CI, 26.5 to 69.1) ( Fig.  2A) . Although the median OS in the reduced-dose group was longer than that in the planned-dose group, this difference was not statistically significant (53.1 months vs. 40.4 months, p = 0.576) (Fig. 2B) . During the follow-up period, 35 patients (33.3%) died, although the death rate did not differ significantly between the two dose groups (p = 0.566). The median PFS was significantly longer in patients in the higher (≥ 41.6 mg/m 2 ) versus the lower (< 41. 6 no difference in PFS due to cumulative melphalan dose, there was a difference in PFS related to median cumulative prednisone dose. The median PFS in the higher (≥ 900 mg/m 2 ) prednisone dose group was significantly longer than that in the lower (< 900 mg/m 2 ) prednisone dose group (35.1 months vs. 13.5 months, respectively; p = 0.005). Univariate analyses, performed to assess whether the amount of MP dose affected PFS, revealed that patients receiving less than 50% of the planned MP dose had a significantly shorter PFS compared with those receiving 50% to 99% of the planned dose (melphalan: 13.5 months vs. not reached, p < 0.001; prednisone: 12.3 months vs. not reached, p = 0.002, respectively) (Fig. 3) . The median PFS of the patients treated for more than four cycles was significantly longer than that of patients treated with fewer than four cycles (33.0 months vs. 13.5 months, respectively; p = 0.002). Multivariate analysis showed that the cumulative dose of bortezomib < 41.6 The Korean Journal of Internal Medicine Vol. 34, No. 6, November 2019 mg/m 2 (vs. ≥ 41.6 mg/m 2 ) was the only significant independent predictor of shorter PFS (hazard ratio, 3.881; 95% CI, 1.1 to 13.8; p = 0.036) ( Table 4 ). Univariate analyses of the factors affecting OS, revealed that ECOG PS, underlying cardiac disease, calculated creatinine clearance, median VMP cycle, median cumulative dose of VMP, and the occurrence of grade 3 to 4 non-hematologic toxicities were all significantly associated with OS. The median OS in the group with the higher (≥ 41.6 mg/m 2 ) cumulative bortezomib dose was not reached (vs. 11.0 months in the lower dose group, p < 0.001). Univariate analysis, performed to assess wheth- er the amount of the MP dose affected OS, showed that patients receiving less than 50% of the planned MP dose had a significantly shorter OS compared with those receiving 50% to 99% of the planned dose (melphalan: 33.7 months vs. not reached, p = 0.003; prednisone: 17.1 months vs. not reached, p = 0.002, respectively) ( Fig. 4 ). Multivariate analysis of the factors affecting OS revealed that underlying cardiac disease, median VMP cycle (< 4 cycles), and occurrence of grade 3 to 4 non-hematologic toxicity were all significant independent predictors of shorter OS (Table 5 ).
DISCUSSION
One means of achieving more satisfactory outcomes in elderly MM patients is to better define the dose reductions required when using standard treatment regimens. From the onset of VMP therapy, if the VMP dose is appropriately reduced, the therapy can be continued without adverse effects. This will increase the level of response to treatment and prolong patient survival. In our study, most patients received MP doses that were less than the maximum planned dose. Only approximately 30% of the patients received the maximum planned dose of MP, even in the planned-dose group. In contrast, the median cumulative dose of bortezomib (41.6 mg/m 2 ) was slightly higher than the 39 mg/m 2 value used in the posthoc landmark analysis of the VISTA study [6] . Safety profiles were consistent with the known toxicities of bortezomib and MP reported previously [4, 12] . Compared with the VISTA trial, which included only approximately 10% of Asian patients [4] , the incidence of similar grade 3 to 4 or greater hematologic toxicities in our study was surprising, and even lower than that of thrombocytopenia (19.0% vs. 21.0% for anemia, 40.0% vs. 40.9% for neutropenia, and 37.0% vs. 23.9% for thrombocytopenia in VISTA and our study, respectively). These frequencies are considerably lower than those in a phase I/II study of Japanese patients in the same Asian population (35% for anemia, 67% for neutropenia, and 49% for thrombocytopenia) [13] . The largest component of grade 3 to 4 or greater non-hematologic toxicities was infection (15.3%), and pneumonia was the most common cause of the discontinuation of treatment. Incidences of peripheral neuropathy and herpes zoster were found to be relatively lower than those reported in previous studies [4, 7, 13, 14] . The relatively lower incidence of peripheral neuropathy in this study might have been due to the change to subcutaneous bortezomib administration from an early period in the study and also weekly dosing. The lower incidence of herpes zoster observed might be explained by the fact that all patients received prophylactic acyclovir treatment. The proportion of dis- continued treatment due to adverse events was relatively lower than that recorded in previous studies [5, 13, 14] , and in this regard, the only difference between the dose groups was that more patients discontinued within two cycles due to adverse events in the planned-dose group.
These results indicate that it may be possible to continue treatment with a modified dose of MP. The ORR and CRR were similar in both dose groups. The recorded CRR of 30.5% is comparable that of approximately 30% observed in previous studies [4, 14] . Moreover, our CRR was higher than that obtained in an-other Korean study with similar baseline characteristics and a Japanese study (22% and 19%, respectively), and our ORR of 81.0% was also higher than that obtained in these two studies [7, 13] . In addition to the cumulative dose, the median dose intensity for bortezomib in this study (8.1 mg/m 2 /cycle) is comparable to that of the VIS-TA study (8.32 mg/m 2 /cycle) and higher than that of the aforementioned Japanese study (6.86 mg/m 2 /cycle) [13] . The median number of cycles in this study was four (range, 1 to 9 cycles), which is similar to that in the previously mentioned Japanese study [13] , and also to that in another Korean observational study (4.5 and 5 cycles, respectively) [7] . Our median four cycles is one-half of the median number of cycles used in the VISTA trial, but did not differ between the reduced-and the planneddose groups. Although the median number of cycles was lower, the median PFS of all patients was 25.0 months, which is similar to the 24 months PFS of the VISTA trial [4] . These results indicate that the cumulative dose and dose intensity of bortezomib administered is important for treatment response and survival outcomes, which can be achieved through treatment modification, including a modified dose of MP and weekly schedule of bortezomib. A recent analysis of VMP data from VISTA and a prospective multicenter Korean observational study indicate that a higher cumulative bortezomib dose is associated with superior treatment outcomes [6, 7] . In our study, the median PFS and OS were also significantly longer in patients receiving a higher (≥ 41.6 mg/m 2 ) cumulative bortezomib dose. In our multivariate analysis of PFS, a cumulative dose of bortezomib < 41.6 mg/m 2 was the only significant independent predictor of shorter PFS. In contrast to the clinical results for bortezomib dose, clinical outcomes according to MP dose were different. This difference in PFS could be explained by the lower incidence of CR in patients receiving less than 50% of the planned MP dose. Additionally, patients receiving less than 50% of the planned MP dose had a shorter OS compared with those receiving 50% to 99% of the planned dose. These results could be explained by the higher incidence of non-hematologic toxicities, including pneumonia, which is the most common cause of the discontinuation of VMP, in the lower dose groups. Patients with myeloma are at an increased risk of infection [15] , and the rate of infection is highest in the first 3 to 4 months of therapy induction and in the setting of relapsed disease [15, 16] . If the dose of MP is set too low, this would not lead to an appropriate therapeutic response; the clinical symptoms of MM would consequently not be regulated, and the chances of infection might also increase. Therefore, these results indicate that even if a reduced-dose of MP is used initially, the MP dose should not be reduced to less than 50% of the planned dose in order to achieve treatment-related improvements in the disease and prolonged survival outcomes.
In conclusion, administering a modified dose of MP in VMP might be a feasible and effective approach for the treatment of Korean patients with newly diagnosed myeloma who are ineligible for high-dose therapy. Modification of the MP dose appeared to contribute to the avoidance of early discontinuation due to adverse events. It could also enable a continuation of treatment, which can promote higher CRR and prolonged survival through receipt of an effective dose of bortezomib. However, attention should be paid to ensuring that the MP dose does not reduce to less than 50% of the planned dose, so as to balance risks and benefits of this strategy. In the future, a well-designed prospective study will be required to confirm whether this approach is appropriate in the examined MM population.
